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Abstract 
First results of an experimental study on inert-gas fusion cutting stainless steel with different types of laser are presented. 
In particular, the cutting capabilities of a fiber and a CO2 laser beam with similar Rayleigh length have been compared as 
a function of material thickness with respect to achievable maximum cutting speed, cut edge surface roughness and cut 
kerf geometry. The most interesting finding achieved so far concerns the observation that the cut kerfs are nearly identical 
in size but differ qualitatively in shape for both laser teypes. 
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1. Motivation / State of the Art 
The development of solid-state lasers with high beam quality, such as fiber and disk lasers, has recently 
stimulated a lot of experimental and theoretical research activities in the field of laser beam fusion cutting [1-
8]. Two distinctive features concerning (i) the apparent loss in cutting efficiency with increased sheet 
thickness and (ii) the significant increase in surface roughness for sheet thicknesses above 4 mm have been 
identified. Different theories were proposed giving some potential reasons of these solid-state laser cutting 
peculiarities in comparison to the established CO2 laser cutting process [9-12]. Up to date, however, no 
generally accepted explanation exists which might be regarded as a consequence of the complexity of 
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involved processes in laser beam cutting providing plenty of opportunities for theoretical speculations. Most 
important from a practical point of view is the question if there are technical means to overcome the 
mentioned deficiencies. Sparkes et al. [13] argued that the cutting regime of thicker section materials is 
limited not by the laser but the melt eject due to the difficulty to obtain full melt eject through narrow kerfs. 
Wandera et al. [14] supposed that disk and fiber laser cut kerfs possess a narrower width than CO2 laser cut 
kerfs. This fact was considered as the main reason for the worse cut edge quality in fiber and disk laser cutting 
thick materials. A currently performed experimental analysis of fusion cutting stainless steel is aimed to 
clarify these points. By use of different laser beam sources and beam configurations the expected close 
relationship between adjustable cutting variables and resultant melting efficiencies, cut kerf geometries and 
cut edge surface appearances should be clarified. Results of first experimental series of this comprehensive 
study are presented in this paper. 
2. Experimental 
Inert-gas fusion cutting experiments were conducted on AISI 304 stainless steel sheets (1.4301) in the 
thickness range between 1 and 10 mm. Two different laser beam sources were applied in this initial stage of 
the intended overall experimental programme. Detailed laser and beam parameters ascertained through beam 
profile measurement are listed in Table 1. 
Table 1. Laser configuration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cutting experiments were performed using the standardised cutting head Precitec HP1.5 in combination 
with a conical gas nozzle and nitrogen as an assist gas. The cutting head was connected to a 3D portal cutting 
machine. Cutting samples, which were mounted on the y-axis with a maximum speed of 100 m/min, were cut 
in the dimension of 60x10 mm with a used laser power of 3 kW for both laser systems. The laser beam 
polarization was random for the Fiber laser and circular for the CO2 laser. The effect of the polarization was 
not considered in this first series of test. The focal plane position was always defined to be in the range of the 
bottom third (33%) of the sheet thickness. Little focal plane position adjustments (+- 2%) because of nozzle 
distance variation or cut cutting result optimization was acceptable. As a result of the cutting trials, the 
maximum cutting speed, the cut kerf dimensions and the cut kerf surface roughness were evaluated. The 
roughness was measured using a HOMMEL-ETAMIC T1000 basic according to the standard ISO/EN 
9013:2002. 
Laser and beam parameters Fiber laser (A.I) CO2 laser (C.I) 
Maximal output power / kW 4 3 
Used output power / kW 3 3 
Fiber diameter / μm 50 - 
Raw beam diameter / mm - 22 
Collimating length / mm 125 - 
Focal length / mm 254 190 
Nominal beam parameter product (BPP)  / mm mrad 2.1 5.4 
Beam quality factor M2 6.2 1.6 
Focal radius  (86%) / μm 50 85 
Rayleigh length / mm 1.4 1.5 
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3. Results and Discussion 
The achieved maximum cutting speeds vc,max for both laser types are shown in Figure 1a/b. The higher 
performance capability of the fiber laser beam is particularly obvious in the thickness range up to 6 mm but it 
must be considered that the fiber laser beam was operating at higher average intensities due to the smaller 
focus spot dimensions. Nevertheless and as already reported in other published work, this advantage in 
performance capability disappears for thicker sheets. In case of 10 mm sheets, the same maximum cutting 
speed of almost 0.7 m min-1 was found for both laser beam sources.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) maximum cutting speed at acceptable cutting quality; (b) detailed maximum cutting speed for 6  10 mm sheet thickness 
Another worth mentioning effect is related to the cut kerf geometry. Measured cross-sectional areas in 
Figure 2a demonstrate that only small differences between fiber and CO2 laser cut kerfs exist with merely 
slightly higher values in case of the CO2 laser cuts. Relating to the 10 mm metal sheet, a kerf cross-section 
area of 4,05 mm2 (fiber laser) and 4,18 mm2 (CO2 laser) could be found. The fact of two different focal radii 
of the laser configurations, listed in Table 1, seems to have no significant influence on the cut kerf area. 
However, due to the achieved higher cutting speeds, the thermal process efficiency of fiber laser cutting 
remains better than the CO2 laser cutting efficiency within the whole range of sheet thicknesses investigated, 
as shown in Figure 2b. Whereas the efficiency gradually decreases with sheet thickness in fiber laser cutting, 
it remains nearly constant for CO2 laser cutting in the thickness range between 2 and 10 mm.   
 
 
 
 
 
 
 
         
 
 
 
 
Fig. 2. (a) cross-sectional area of cut kerf; (b) thermal efficiency of fiber and CO2 laser cuts 
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A further interesting finding was made with respect to the generated cut kerf shapes. Measured values of 
the kerf width in different zones of the sheets are shown in Figure 3a/b. In case of the CO2 laser cuts, the kerf 
width is continuously decreasing from the top to the bottom, i.e. the kerf has its smallest width at the bottom 
surface. Furthermore, the upper kerf width is much broader than the lower kerf width particularly for sheet 
thicknesses above 6 mm. In case of the fiber laser cuts, however, the narrowest kerf width was typically found 
in the middle of the sheet and the differences in kerf width at the upper and lower regions of the kerf are not 
so pronounced as in CO2 laser cutting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) kerf width for CO2 laser cut; (b) kerf width for fiber  laser cut 
The cut kerf geometry as well as the visual appearance of the cut edge for cutting the 10 mm sheet 
produced by use of CO2 (left) and fiber laser (right) are shown in Figure 4 a/b. With these available data it is 
actually not possible to make general conclusions concerning direct relationships between particular 
properties of the kerf shape and the cut edge surface appearance. Further experimental work is intended to be 
focused at this point. The hypothesis that the higher roughness of the fiber laser cut edges is caused by the 
difficulty to achieve full melt eject through narrower kerfs seems to be however not supported by our 
experimental results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) CO2 laser cut kerf geometry of a 10 mm metal sheet with attendant cutting edge; (b) fiber laser cut kerf geometry of a 10 mm 
metal sheet with attendant cutting edge  
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Generally, the highest roughness values were detected at the bottom region of the cut edge. Measured
maximum roughness values are shown in Figure 5 a/b. Comparable values were detected in the thickness
range up to 4 mm only. Above this value, the roughness is suddenly increased for the fiber laser cuts. A
similar rise in surface roughness is obvious for CO2 laser cuts between 8 and 10 mm sheet thickness.
Interestingly, the roughness in fiber laser cutting remains however almost constant in the thickness range
between 6 and 10mm. First quantitatively comparisons do not seem to reveal correlations between the kerf 
geometry and the cutting edge roughness.
Fig. 5. (a) average surface roughness (Rz) at bottom cutting edge metal; (b) typical surface roughness profiles for CO2 and fiber laser 
cuts.
4. Summary and Conclusions
Fiber and CO2 laser cutting results in AISI 304 stainless steel were compared. It was found out that a
sudden increase in surface roughness is present at a particular sheet thickness. Under the defined experimental
conditions, this transition occurs between 4 and 6 mm in case of fiber laser cuts and between 8 and 10 mm for 
CO2 laser cutting trials. Furthermore, there were observed qualitative differences in the cut kerf shapes but 
with comparable kerf cross-section areas. 
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